Two initially correlated coherent states, each interacting with its own independent dissipative environment exhibit a sudden transition from classical to quantum decoherence. This change in the dynamics is a turning point in the decoherence, in the sense that depending on the average number of photons of each cavity, decoherence can even be suppressed. Indeed, the quantum state is time-independent for a time span in the mesoscopic regime, revealing a decoherence-free subspace. Furthermore, the absence of decoherence is manifested in the apparition of a metastable pointer state basis.
Two initially correlated coherent states, each interacting with its own independent dissipative environment exhibit a sudden transition from classical to quantum decoherence. This change in the dynamics is a turning point in the decoherence, in the sense that depending on the average number of photons of each cavity, decoherence can even be suppressed. Indeed, the quantum state is time-independent for a time span in the mesoscopic regime, revealing a decoherence-free subspace. Furthermore, the absence of decoherence is manifested in the apparition of a metastable pointer state basis.
The study of quantum correlations in multipartite quantum systems is a central problem in quantum mechanics. The study of all correlations existing between two quantum systems, not only entanglement, has captured the attention of many researchers in last years. Quantum and classical correlations embodied in a bipartite quantum system are contained in the quantum mutual information [1, 2] . From this fundamental concept, the search of all quantum correlations that can be found in a bipartite system has motivated the introduction of quantum discord [2] [3] [4] [5] [6] [7] . One main result driving research in this field is that quantum computation is possible even in the absence of quantum entanglement [8] .
A central issue is the understanding of how a bipartite system behaves under the interaction with an environment. Concerning this effect, it is widely known that entanglement could vanish suddenly depending on the initial state [9] [10] [11] [12] [13] . Given that, it is important to know how quantum correlations, other than entanglement, are affected by the presence of environment [14] [15] [16] [17] [18] . Both classical and quantum correlations are affected such that in most cases they decay asymptotically independently on the initial state, this feature distinguishes them from quantum entanglement. As the total mutual information decays as a function of time, it could be interesting to see how this decay can be associated to classical or to quantum correlations. An unexpected behavior has been revealed for a certain class of quantum states evolving under dephasing: Their classical correlations decay while the quantum correlations remain constant. This is followed by an exchange in the roles, that is, decaying of quantum correlations and freezing of classical correlations [19, 20] . These findings have been experimentally observed for non-markovian and markovian reservoirs [21, 22] . Freezing of classical correlations has been shown in non dissipative decoherence dynamics [23, 24] . Moreover, such behavior reveals the apparition of a pointer basis [2, 3, 22, [24] [25] [26] .
On the other hand, coherent states and environment effects on its quantum coherence have been one of the most important problems since the beginning of quantum mechanics. A distinctive feature concerning its dynamical behavior is the appearance of a decoherence time scale depending on the distance between coherent states, which is much shorter than the decay of any other observables [27, 28] . Moreover, in last years these states have proven to be useful in practical applications such as quantum metrology [29] [30] [31] . In this manuscript, we address the evolution of quantum and classical correlations of an initially incoherent superposition of entangled coherent states. We find different time scales that give rise to a wide variety of behaviors, in particular, we observe sudden transitions in the decoherence dynamics. Moreover, measuring on one of the parties (to calculate classical correlations) projects the other into a basis which is not affected by decoherence. This reveals the apparition of metastable pointer states and a decoherence-free subspace whose time span depends on the amplitude of the initial coherent states.
To find such features, let us first consider the problem of a single cavity mode coupled to a dissipative reservoir. In the interaction picture, the Hamiltonian of this system is given bŷ
If the cavity mode is prepared initially in a coherent state |α while all reservoir modes are in the vacuum state k |0 k , the evolution of the cavity-reservoir system will take the form:
with γ the decay rate of the cavity mode. The state |α k denotes a coherent state for the k−th mode of the reservoir with amplitude α k = f k α. In the Markov approximation, the factors f k satisfy the relation k f [32] . Consider now two modes (a and b), embedded in two noninteracting cavities affected by two independent dissipative reservoirs. Let us assume both cavities are prepared initially in an incoherent superposition such as:
where,
and the normalization factor is given by
In what follows, we deal with the calculation of quantum and classical correlations of the system described as a function of time. In general this is a difficult task since no closed formula exists for arbitrary states. However, for particular states such as X-states [33, 34] analytical calculations can be carried out. After some calculations is not difficult to realize that the temporal evolution for the state (3) can be written as an X-states in the effective two-qubit basis: [27, 28] :
with α 
where the matrix elements are:
. A closer look on these analytical expressions, can shed some light on relevant times scales. As will be shown below, the dynamics exhibits different behaviors associated to these relevant times. The evolution of matrix elements in Eq. (8) (8) are only in the termsΛ ± (t) while Γ ± (t) are constant. On the other hand when γt → ∞ we have the opposite case: the dynamics is now governed by Γ ± (t) whilē Λ ± (t) are constant. For intermediate times both α t andᾱ t are large enough so thatΛ ± (t) and Γ ± (t) are both constant, so
exhibit no evolution and depend only on the initial condition.
We can estimate the value of times that define this dynamical regime. For largen, the exponentials are relevant if α t 1 orᾱ t 1, respectively. This allows us to define the times t 1 fromᾱ t1 = 1 and t 2 from α t2 = 1, such that:
The evolution of the matrix elements in Eq. (8) is shown in Fig. 1 , forn = 10. Interestingly, between t 1 and t 2 we observe that the system seems to be unaffected by decoherence, that is, it settles on a metastable decoherence-free subspace evidenced by Eqs. (9) and (10). As we will address further in this manuscript, these results are crucial in the quantum and classical correlations dynamics. We can now focus on the study of quantum and classical correlations. A bipartite quantum systemρ ab as the one described above, can feature both quantum and classical correlations. Total correlations are characterized by the quantum mutual information I(ρ ab ) = S(ρ a ) + S(ρ b ) − S(ρ ab ), where S(ρ) = −Tr[ρ log 2 (ρ)] is the von Neumann entropy. Based on this expression correlations can be separated according to their classical and quantum nature, respectively. In this way the quantum discord has been introduced as D(ρ ab ) = I(ρ ab ) − C(ρ ab ), where C(ρ ab ) are the classical correlations defined by
here, the optimization is carried out with respect all possible complete set of projector operators {Π k } for the subsystem b, and ρ k = Tr b (Π kρabΠk )/p k . In general, the optimization is a difficult problem to address, however, for states of the form of Eq. (7), classical and quantum correlations can be solved analytically [33, 34] . Specifically, it has been shown in ref. [34] , that the optimal observables for a real X-state such as Eq. (7) 
Under these conditions, expressions for discord in [33] are equivalent. In such case, the expression for the classical correlations are now given by
where S(ρ ab )|{σ x , σ y } is the von Neumann entropy ofρ ab when σ x or σ z has been measured in the subsystem b. When the minimum occurs for σ x , we denote the classical correlations as C(ρ ab )| σx , while if the minimum is achieved by measuring σ z then we denote it as C(ρ ab )| σz instead. Let us consider the initial state (3), corresponding to an incoherent superposition of entangled coherent states. In Fig. 2 , we show the evolution of correlations in the two-mode subsystem as a function of γt for (a)n = 1 and for (b)n = 3. As evidenced by the quantum mutual information (purple solid-line) in Fig. 2(a) , the overall system correlations decays smoothly as a consequence of decoherence. However, we can observe a sudden change in the dynamics of classical correlations and also in quantum discord at t = t s . This tells us that there is a sudden change in the decoherence dynamics: Before t s decoherence has mostly a classical component (classical correlations decay faster than discord); after t s the roles are inverted and decoherence has mostly a quantum component. for example in ref. [20] , where the decoherence has either a quantum character or a classical one, but never both. On the other hand, Fig. 2(b) shows that by increasing the mean photon numbern of the cavity modes, the classical correlations nearly freezes between γt s and γt ≈ 1.
As we previously mentioned, when exploring the mesoscopic limit of a large number of photons in the cavity, interesting features in the dynamics are revealed. Such behavior is extended into quantum and classical correlations: This is clear in Fig. 3 where the dynamics of correlations is shown forn = 10. In such figure, four dynamical regimes can be identified: Regime (I) where classical correlations decay as a result of the decoherence process while discord is constant. Regime (II) is determined by a decaying discord and a frozen classical correlations. In regime (III) both discord and classical correlations attain a constant value, in particular discord vanished. Finally, in regime (IV) classical correlations start to decay again while discord shows a revival and then decays asymptotically to zero as all the energy in the cavities is transferred to the reservoirs.
The first regime (I) of the dynamics can be interpreted as follows: the decoherence has only a classical contribution since quantum correlations are frozen. Now, at the second regime (II), we found that the decoherence process has now only a quantum contribution. That is, regimes (I) and (II) are separated by a sudden transition from classical to quantum decoherence. So far, the dynamics of correlations resembles the results found in [20, 25] for the case of qubits under the onset of dephasing.
Also, Fig. 3 shows that the time t s when the sudden transition from classical to quantum decoherence occurs, decreases withn. This transition time besides depending onn, also depends on the parameter p of the initial mixed state Eq. (3). Using Eqs. (13) and (14) we find that this time t s is given by: the sudden transition from classical to quantum decoherence decays withn and also decays when the initial incoherent state (3) is more unbalanced, i.e, has more purity.
On the other hand, analyzing the correlations dynamics in the strong-field case (Fig. 3) we find that in the stage III of such case, both correlations are constant, i.e., neither discord nor classical correlations are affected by decoherence. Interestingly, this is true only in a finite time span. This suggests that there is a time interval where the system settles in a time-dependent decoherence-free subspace. This time can be estimated from Eqs. (11) , leading to ∆t = t 2 − t 1 = (1/γ) ln (n − 1). In this time interval populations are constants. Moreover, coherences are also equals and constants, that is, in this stage no decoherence is exhibited by the density matrix (7) . After this finite time interval, populations r 22 , r 33 , r 44 and coherences r 14 and r 23 decay asymptotically to zero while r 11 goes to 1 since at γt → ∞ this density matrix element corresponds to the vacuum state population. Furthermore, when classical correlations attained a constant value as in stages (II) and (III) of dynamics, it can be argued from its definition, that measurements on the second qubit (cavity mode) projects the system into a basis which is not affected by decoherence, that is, a pointer state basis [22] . However, this pointer state basis is not stable as shown in the stage (IV) in Fig. 3 where classical correlations return to decay, i. e., the system settles along stages (II) and (III) in a metastable pointer state [24, 25] . Notice that this occurs under a dissipative dynamics, which differs from the results showed in reference [22] where in the amplitude damping case, no pointer states are found, but only in the dephasing case. Finally in Fig. 3 we have plotted entanglement using concurrence [35] where we observe that entanglement suffers a sudden death [12, 36] previous to t s in Regime (I). Therefore, along the decoherence-free time span no entanglement is present which is consistent with previous results [24] .
In summary the dynamics of two initially correlated coherent states, each interacting with its own independent dissipative environment has been analyzed. We found a sudden transition from classical to quantum decoherence since first the decoherence has only a classical component given that discord is constant. Then only discord decays meaning that decoherence is merely quantum. This sudden transition leads in the mesoscopic regime to the apparition of a metastable decoherence-free subspace. This is evidenced in the density matrix element which do not evolve during a time span. The time when this sudden transition occurs is showed to be dependent on the average number of photons in each cavity and also on the purity of the initial state. The metastable decoherence-free subspace is linked to the metastability of a pointer basis where classical correlations between cavities are frozen. On the other hand the size of the time interval depends mainly on the average number of photons in the cavities. This can be also understood in the context of pointer states: measurements on the second qubit (cavity mode) to calculate correlations, projects the system into a basis which is not affected by decoherence.
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